Abstract Scenario development methods get to grips with taking a long-term view on complex issues such as climate change through involvement of stakeholders. Many of the recent (global) scenario exercises have been structured according to a Story-and-Simulation approach. Although elaborately studied, conceptual and practical issues remain in linking qualitative stories and quantitative models. In this paper, we show how stakeholders can directly estimate model parameter values using a three-step approach called Fuzzy Set Theory. We focus on the effect of multiple iterations between stories and models. Results show that we were successful in quickly delivering stakeholder-based quantification of key model parameters, with full consistency between linguistic terms used in stories and numeric values. Yet, values changed strongly from one iteration to the next. A minimum of two and preferably at least three iterations is needed to harmonise stories and models. We conclude that the application of Fuzzy Set Theory enabled a highly valuable, structured and reproducible process to increase consistency between stories and models, but that future work is needed to show its true potential, particularly related to the effect of iterations. Additionally, the number of tools that need to be applied in a short period of time to execute a Story-And-Simulation approach introduces drawbacks that need to be studied. However, an approach such as StoryAnd-Simulation is indispensable and effective in marrying the perspectives of scientists and other stakeholders when studying complex systems and complex problems.
Introduction
Social and natural systems are changing increasingly rapidly, which gives new urgency and importance to consideration of the future for policy makers, scientists and citizens alike (Rotmans et al. 2000) . Climate change adaptation in Europe is a complex issue influenced by a wide variety of constantly changing drivers. Acknowledging this, scenario development methods take a long-term view while also involving stakeholders (e.g. Kok and Van Delden 2013) . Moreover, scenarios allow an analysis of the interplay of slow (climate change) and fast (adaptation) variables.
Scenarios come in many shapes and forms (see reviews by e.g. Van Notten et al. 2001; Amer et al. 2013 ). We define a scenario as a story about the future that can be told in both words and numbers, offering an internally consistent and plausible explanation of how events unfold over time (Gallopín et al. 1997; Raskin et al. 2002) . This definition has two key elements for this paper: Scenarios can be either qualitative or quantitative, and scenarios need to be internally consistent. Many of the recent (global) scenario exercises have been structured according to a Story-and-Simulation (SAS; see Online Resource 1) approach (Carpenter et al. 2005; UNEP 2007; EEA 2007; Kok et al. 2006; Kok and Van Delden 2013) . Alcamo (2008) describes a 10-step approach where narrative storylines are developed and linked to dynamic models in an iterative procedure. While a stakeholder panel consisting of the relevant actors commonly develops stories, models are developed and applied by experts. The two separately developed products are iteratively revised to increase internal consistency. The approach is costly -both in terms of money and time -but direct stakeholder participation ensures that scenarios are relevant for and credible to end-users, while models provide state-of-the-art quantitative information on data and functional relationships between key drivers.
Recently, the conceptual and practical issues involved in linking qualitative stories and quantitative models have been elaborated (Kok 2009; Kok and Van Delden 2013) . Kok (2009) proposed the use of system dynamics models and Fuzzy Cognitive Maps (FCMs) to strengthen the link and thus the consistency of both products, arguing that developing structured models (through participatory group model building techniques) rather than stories with stakeholders, increases similarity and therefore direct comparability. FCMs, however, demand all stakeholders to have a full system's understanding and an ability to provide numeric input which is not always the case, while the results are semi-quantitative at best (see Jetter and Kok 2014) . These disadvantages have-so far-limited a direct link to mathematical models. Agreeing with the reasoning in Kok (2009), we take a different approach in which stakeholders directly estimate model parameter values using a three-step approach called Fuzzy Set Theory. In this way, stakeholders directly influence model results; see the results of their own assumptions; and adjust either model parameters or the qualitative scenario. Many researchers have stressed the-intuitively logical-need to iterate between different products to enhance consistency. Yet, few have attempted to systematically study it. What is novel in this paper is the attempt to quantify and analyse the effect of multiple iterations on estimates of numerical values of model parameters.
The overall objective is to analyse the effect of linking stories and models through the application of Fuzzy Set Theory on stakeholder estimates of model parameters. The paper does not aim at providing all the details of the method or the application, but will elaborate on the influence of multiple iterations on the results of the Fuzzy Set approach across different parameters and different scenarios thus contributing towards improving the consistency of scenarios and of the usefulness of the overall SAS approach. We focus on lessons learnt in two large European Integrated Projects in which Fuzzy Set Theory was used to link stories and models within the SAS approach-SCENES and CLIMSAVE. (2006) (2007) (2008) (2009) (2010) (2011) developed and analysed a set of scenarios of Europe's freshwater futures up to 2050, to provide a reference point for strategic planning and policy. Scenario workshops took place for Europe, and for ten case studies. A link with mathematical models was sought only at European level. The Fuzzy Set Theory was thus only implemented at this level. CLIMSAVE (2010 CLIMSAVE ( -2013 developed a climate change integrated assessment methodology for cross-sectoral adaptation and vulnerability in Europe. Scenario workshops took place for Europe and for Scotland. Both projects have undertaken a multi-dimensional, multi-scale scenario process, with a strong foundation in mathematical, spatially explicit models and stakeholder participation.
Material and methods

Project background
SCENES
Stakeholder engagement
It is beyond the scope of this paper to provide a full overview of the methods employed to engage stakeholders in the process of scenario development. Some key points in both projects were: & The European scenario development process was professionally designed and facilitated by a company specialising in stakeholder engagement processes (see Gramberger et al. Submitted for publication in this special issue). & Broad stakeholder participation was aimed for, with representatives from business, government, NGOs, and science. In CLIMSAVE, a specific method was developed to ensure minimum quota of participation across a range of categories, including societal structure, important sectors, gender and age (see Gramberger et al. Submitted for publication in this special issue). & A series of three workshops (WS1-3) of 2-3 days and with 15-25 participants each was the main method of stakeholder engagement.
Although the exact methods to develop scenarios with stakeholders differed between SCENES and CLIMSAVE, the overall methodology was the same, with an initial focus on exploratory story development, shifting to (normative) strategies and options to achieve specific goals:
1. Story development (WS1) and enrichment (WS2) 2. Quantification of input parameters using Fuzzy Set Theory (WS1-2) 3. Interaction with spatial models or model results (WS1-3 in SCENES, WS2-3 in CLIMSAVE)
4. Normative actions, options, and strategies (WS2-3)
Crucially, we gave stakeholders full ownership of the products, offering a structured, scientifically sound, and professionally facilitated set of methods and tools (e.g. discussing and selecting main uncertainties for overall scenario logic, and drafting newspaper headlines to identify scenario's main events) to develop them. This paper reports on the first two goals mentioned above. Details of the methods and results can be found in Kok et al. (2011) and Gramberger et al. (Submitted for publication in this special issue).
Stories and other qualitative products
The methodology to develop exploratory stories during stakeholder workshops was similar to the procedure as used for the Millennium Ecosystem Assessment (Henrichs et al. 2010) . Broadly, three stages are discerned: A first stage geared towards identifying the main concerns about future developments; a second stage selecting key uncertainties and driving forces; and a third stage during which the actual stories are drafted. Key aspects relevant for the topic of the paper include:
& A fast-track procedure was followed to minimise the time needed to develop stories, and to maximise the number of iterations. The GEO-4 stories for Europe were used in SCENES as a starting point; in CLIMSAVE a set of main uncertainties was selected based on literature, importantly related to megatrends as identified by the European Environment Agency (EEA 2010) . & Stories were developed based on the "Scenario axes technique" (Van't Klooster and Van Asselt 2006), where two main uncertainties are used to sketch four skeleton scenarios (see Online Resource 2). & Stories are continuously evolving. Specifically, stakeholders are encouraged to incorporate insights based on the Fuzzy Set Theory, the interaction with models, and the discussions on systemic dynamics into the stories during each of the iteration steps. Stories were rewritten and enriched in the second workshop. In turn, enriched stories were used to refine quantitative information provided during a second Fuzzy Sets exercise. & Other products such as conceptual models, time trends, and tabular information were developed in addition to the stories. This mirrors a tendency to enlarge the number of products generated in the process of (participatory) storyline development. The new set of IPCC-guided global narratives (Shared Socioeconomic Pathways), for example, provide qualitative stories, tabular information, and quantified drivers.
Quantitative models
In SCENES, the WaterGAP3 model (Water-Global Assessment and Prognosis; aus der Beek et al. 2010; Verzano et al. 2012; Flörke et al. 2013 ), which assesses current and future water resources and water use, was used to quantify scenarios. In its current version, model simulations are carried out on a spatial resolution of 5 by 5 arc minute. The water use models calculate water withdrawals and consumption for the domestic, manufacturing, thermoelectric, irrigation and livestock sectors. River discharge is affected by both water withdrawals and return flows. Natural cell discharge is therefore reduced by the consumptive water use in each grid cell. Due to its integrative character, the model allows analysis of upstream-downstream relations, such as due to reservoir regulation. The model has been designed for large-scale grid-based applications and has been well tested in various scenario assessments, e.g. Global Environment Outlook GEO-4 (Rothman et al. 2007 ), State of the European Environment (EEA 2005), Millennium Ecosystem Assessment (Alcamo et al. 2005) . Model assumptions and drivers developed within SCENES are described in Flörke et al. (2012) and Schaldach et al. (2012) .
The CLIMSAVE IA Platform is an interactive exploratory web-based tool (IAP, www. climsave.eu/climsave/IAP) to enable a wide range of professional, academic and governmental stakeholders to improve their understanding surrounding impacts, adaptation responses and vulnerability under uncertain futures. The tool provides sectoral and cross-sectoral insights within a facilitating, rather than predictive or prescriptive, software environment to inform understanding of the complex issues surrounding adaptation to climate change. A metamodelling approach using computationally efficient or reduced-form models that emulate the performance of more complex models is used to deliver fast run-times (Holman and Harrison 2011; Holman et al. 2008) . Ten different meta-models abstract the leanest representation within the IA Platform that is consistent with delivering both functionality and speed. Next to quantitative modelling the IAP provides access to the qualitative storylines developed in CLIMSAVE. For more details we refer to Harrison et al. (2013) and the Editorial of this Special Issue (Harrison et al. Submitted for publication in this special issue).
Linking-fuzzy set theory
In order to link stories and models in a transparent and reproducible way, a methodology based on the "fuzzy set theory" was developed by Alcamo (2008) . Concretely this means deriving numerical values that match the verbal description of driving forces in the stories. The methodology consists of three steps:
1. Linguistic description. Workshop participants indicate in linguistic form the scenario trends for a small set of selected driving forces to be used by WaterGAP3/IAP, e.g. by using terms such as "low", "medium", or "high". Expressing these trends in linguistic form ensures consistency with the linguistic form of the storylines developed by the same persons. 2. Translation key. Each participant is asked to provide a range of numeric values matching the linguistic terms they used in Step 1. For example, "low GDP growth=1-2 % per annum". The opinions of all numeric ranges for a particular linguistic term are then consolidated into a fuzzy membership function. 3. Quantification. The qualitative descriptions from Step 1 are converted in the postprocessing
Step 3 to numerical values using the translation key from Step 2 ('defuzzification'). These numerical values are then made available to run WaterGAP3/IAP.
Online Resource 3 provides examples from both projects; Fig. 1 illustrates the three steps for the specific example of population growth during the period 2025-2050 for all scenarios in SCENES, with the fuzzy membership function for low population increase. Note that linguistic terms are scenario specific, but fuzzy memberships are not, resulting in the same number for "low population increase" for both Economy First and Sustainability Eventually.
This three-step approach was used in both projects, with some minor differences in finding the value that best represents the different opinions of workshop participants, i.e. in Step 3 of the approach. In SCENES, a single value for each linguistic term was derived by taking the centre of gravity of the triangle defined by the minimum, median, and maximum values of each Fuzzy Set. In CLIMSAVE, this single value was calculated similarly, but the numeric range of each term was subsequently analysed to define the credible range of all sliders related to the Fuzzy Sets (see Fig. 4 and Section 3.4). Values were altered in subsequent workshops. There were three rounds of iteration in SCENES and two in CLIMSAVE, an iteration being defined as 'information generated by stakeholders that was used to generate quantitative model input'.
Results
Stakeholder satisfaction
Overall, very positive feedback was received from stakeholders throughout the entire process of both projects, with at least 90 % of the CLIMSAVE stakeholders rating each workshop as (very) good in a written anonymous survey. In SCENES (see Kok et al. 2011) , there likewise was widespread satisfaction among stakeholders. For example, 85 % of the participants were satisfied with the resulting storylines, although critical remarks were voiced related to the relatively low number of participants that constructed the scenarios. Stakeholders were also very positive on the usefulness for their own work (3.9 on a scale from 1 to 5). In short, the majority of participants were generally very positive about the facilitation and content support, as well as with methods employed and results obtained. ) , stakeholders indicate trends in population in linguistic terms. During Step 2 (centre graph), these words are consolidated into fuzzy membership functions based on ranges of numeric values matching the linguistic terms. During Step 3 (right table), qualitative descriptions are converted to quantitative numbers using the centre of gravity of the fuzzy membership function Implementation of the Fuzzy Set Theory contained a number of challenges from the perspective of participants. Some mentioned that they felt that they did not always have enough context or relevant expertise to estimate all values on extensive lists of highly specialised parameters required by the models. Illustrative comments from WS1 included: "Insufficient information for my answers to be useful", "Personally I had problems with the individual exercise and it seems others had the same issue. Therefore the estimates might be not very useful", "Not sure my guesswork provides added value". Comments on the quantification session during WS2 indicated similar difficulties: "The most difficult session. It would have been useful to have more technical information and data to take into account", "Difficult to quantify, but done in a good way", "Difficult to apply quantification to theoretical scenarios, but useful and interesting to attempt". Despite the complexity and challenge associated with the exercise, however, most participants agreed that it was an important part of the process which helped the consideration of trade-offs and priority areas. In SCENES all scenarios were additionally described by cognitive maps. In CLIMSAVE, most of the scenarios included a conceptual model or other indications of interactions between main drivers and impacts. & Tabular information: all scenarios were accompanied by tables that contained structured, summarising information as extracted from the storylines on a (large) number of model inputs besides the variables that were quantified by stakeholders. In CLIMSAVE, information on 14 additional variables was extracted from the stories. In SCENES, we produced tables containing qualitative descriptions of main driving forces and target variables to allow direct comparison between the scenarios. Lists of variables were determined by project members, but tables were populated with direct quotes from the storylines. & Dynamics: all scenarios provided timetrends on the temporal development of the long list of uncertainties. In CLIMSAVE, information was provided on 14 uncertainties (e.g. social cohesion, or geopolitical stability); in SCENES the list contained 11 uncertainties (e.g. public involvement, or migration patterns).
Importantly, modellers used the products from the stakeholder workshops to set parameter values besides those included in the defuzzification exercise. In both projects, modellers used the tabular information as the main source of information, and the stories when additional understanding was needed.
Linking storylines with modelling
Example from SCENES
We illustrate the dynamics in parameter values during the three iteration rounds using population development in Southern Europe as an example and, in a follow-up step, its effect on domestic water withdrawals. We highlight the effects of harmonisation within one scenario (Fig. 2) , and broader tendencies across all scenarios (Fig. 3) . Starting from a set of complete stories and model runs (see Kok et al. 2011 ) based on the GEO-4 scenarios, Fuzzy Sets obtained in WS1 resulted in drastically different values for population development (see Fig. 2 for the Policy Rules scenario). This was mostly due to the inability of some of the stakeholders to estimate annual growth rates in a realistic way. This parameter was revisited in WS2 by rephrasing the question (asking for total growth fraction). In the final iteration round (WS3), the driver projections were further refined and harmonised.
Harmonisation across scenarios took place as well. During WS3, stakeholders from two scenario groups (Policy Rules and Sustainability Eventually) reflected that the technological change values retrieved from the previous iteration were too high, resulting in very rapid lowering of water use that was not in accordance with the two storylines. Since the numeric translation from any linguistic description (e.g. "low GDP growth equals 1 % per year") must be agreed upon and consistently used across all storylines (e.g. needs to be 1 % per year in all scenarios), an email discussion with all workshop participants was initiated. This resulted in modifications to the rate of change across all scenarios and can be seen as an increase in domestic water withdrawals in WS3 for three out of four scenarios (Fig. 3) despite nearly unchanged population development compared to WS2 for Policy Rules.
The strong fluctuations reflect the dynamics of the iterative SAS approach which differ in intensity depending on the scenario. Driver assumptions that lead to withdrawals that are not consistent with the storyline of a particular scenario are corrected by stakeholders during a subsequent event. Ultimately, the dystopian Fortress Europe scenario became less pessimistic and the utopian Policy Rules and Sustainability Eventually less optimistic, but a clear difference between the scenarios remained after the last iteration.
Examples from CLIMSAVE
In the absence of a quantitative fast-track scenario, the number of iterations was limited to two. To highlight variation across scenarios and parameters, we present a meta-analysis across all six key variables in four scenarios and for two moments in time (2025 and 2055) for the first iteration. Over all scenarios, values of key variables were changed 27 times (out of a maximum of 48 possible revisions), 14 times for 2025 and 13 times for 2055. The number of revisions related to the content of the scenario, with most changes required for those scenarios that assumed strong and non-linear changes in economic development. The highest number of revisions was needed for Should I Stay or Should I Go, which combines strong economic dynamics with strong dystopian elements. By far the lowest number of revisions (3) was made for We are the World, which is characterised as a utopian scenario with relatively gradual changes, that seemed to pose less challenges to stakeholders.
Numbers for population were revised most often, which shows the difficulty of quantifying demographic trends. Numbers for household size were least often revised (2 times), suggesting not only the stakeholders' agreement but also a certain amount of familiarity with this variable. Descriptions related to developments of population growth and migration were altered during WS2, as a consequence of discussions related to the fuzzy logic approach. Here, we see a cycle of stories changing quantities that change stories, etc. This mechanism was apparent only for population.
Apart from the type of storyline and the familiarity of stakeholders with key variables, there are two other factors that played a role in determining the need for revisions. Firstly, stakeholders provided radically different values for the same linguistic term, e.g. disagreeing on how to quantify 'medium population growth'. The more disagreement, the more often variables were revised. In this case, changes were driven by different stakeholder perceptions on the actual quantification. Secondly, two of the European stories were substantially (and purposefully) revised during WS2, which led to changes in almost all key variables that were driven by discussions on the underlying stories.
Quantitative scenarios-incorporation of defuzzified variables
Most of the architecture and functionality of the IAP of CLIMSAVE is documented elsewhere (see Harrison et al. 2013 and Online Resource 5 for an example). Here we limit ourselves to an illustration of how the defuzzified variables are incorporated in the scenario settings within the platform. Selection of key socio-economic scenario settings is based on a set of 'traffic light'-coloured sliders (see Fig. 4 ). The default slider position was given by the 'centre of gravity' of the fuzzy membership function based on the Fuzzy Sets exercise during the quantification session, similar to the standard procedure also followed in SCENES. The maximum and minimum values from the fuzzy set are used to define the upper and lower boundaries of the "credible" range for each slider (green ranges). Credibility was defined as 'within the boundaries of the corresponding qualitative story as indicated by the stakeholders'. Yellow ranges are outside of the stories but within the range of the IAP (scenario becomes "user defined") and are defined by the absolute minimum and maximum as indicated by the modellers. Red is outside of the range of the IAP. Importantly, rather than including a single "defuzzified" value, we provide a broader range corresponding with the Fuzzy Set, opening the possibility for users to explore a broader range of values for any socio-economic driver. Results for We are the World in the 2050s (Fig. 4) illustrate how the green and yellow range can either be narrow or broad, depending on the spread in numbers provided by stakeholders.
4 Discussion -lessons learnt 4.1 Stakeholder engagement process Scenario development processes in both projects demonstrated the challenge of engaging stakeholders over a multi-year period. Stakeholders evaluated the engagement process very positively and-partly due to a specific structured effort and approach-stakeholder participation was maintained throughout the projects' lifetime (see Gramberger et al. Submitted for publication in this special issue). Yet, small group size was a concern for applying the Fuzzy Set Theory as the weight of individual opinion in estimating key model parameter values was substantial, leading to some stakeholders' unease. More research is needed to determine the influence of group size on results. Other methods to engage with stakeholders might need to be explored to include all expertise necessary, e.g. the Fuzzy Delphi Method (cf. Damigos and Anyfantis 2011). 
Stories and other qualitative products
Stories remain an excellent type of qualitative exploratory scenario, capturing the dynamics and complexity of changes over time. Moreover, the product is easy to understand, access, and modify. The harmonisation with Fuzzy Sets confirmed the advantages, as discussions during the Fuzzy Set exercise were incorporated in the stories. Any scenario development toolbox should continue to include stories as one of the main products. A further merging of story development and parameter estimation is a worthwhile avenue to explore.
Linking-fuzzy set theory
We applied Fuzzy Set Theory to link storylines and models, in order to expand the SAS-related toolbox with a well-established method. Fuzzy Set Theory enabled transparency in converting qualitative knowledge into quantitative knowledge (Eierdanz et al. 2008) . The exercise thus lived up to the promise of relatively quickly delivering stakeholder-based quantification of key model parameters. Nevertheless, structured and well-prepared guidance and background material were essential for the quantification exercise. While this procedure does not eliminate the subjectivity of determining the boundaries of a linguistic term, it does provide a consistent, transparent and objective way of deriving either a single numerical value from the collective fuzzy numerical views of a scenario panel (Alcamo 2008) , or a range that promotes communicating parameter credibility or uncertainty. Moreover, it enables homogenisation of the knowledge of experts and stakeholders from different disciplines and from different geographical regions.
Certain parameters, particularly those represented as percentage growth rate per year (e.g. population) or those outside of the scale of expertise included (e.g. oil price), were found problematic in the context of applying Fuzzy Set Theory. As stakeholders are working under high time pressure, the number of parameters to be quantified should be limited and tailored to the expertise of the participating stakeholders, taking into account the most important model parameters. Another option is to use a different method to obtain quantitative information from stakeholders not involving Fuzzy Sets, but instead asking for one crisp number for every scenario. This is more straightforward and was suggested by stakeholders themselves. Yet, it would diffuse individual opinions and it would not solve the main problem that stakeholders faced, i.e. lack of specific expertise. Consulting external experts could overcome this, but would weaken the link between story and model.
The main pragmatic lessons learnt from the Fuzzy Set approach are similar to findings from earlier stakeholder-driven processes, but with more urgency: & It is difficult to attract all the expertise that is needed. Despite iterations, this could give rise to inconsistent parameter values. & Time is short. With many objectives to fulfil, little time is devoted to the Fuzzy Sets exercise. Particularly drafting the translation key is difficult to explain and time-consuming. & Strong changes in the quantified numbers can occur during any iteration, so that a minimum of two and preferably at least three iterations is needed to harmonise stories and models. Differences tended to decrease with the number of iterations, but further research is needed.
In short, Fuzzy Set Theory is an essential addition to the toolbox of methods used to operationalise the SAS approach. The tool allows stakeholders to directly parameterise models and thus provides a direct stakeholder-determined link between stories and model. In addition, Fuzzy Set Theory offers a structured, transparent and reproducible method to quantify stories. There are alternatives, but all have important drawbacks. Focusing on stories only would be quicker but less transparent; using conceptual models is more structured but does not provide true quantification; non-fuzzy parameterisation is quicker, but omits the essential focus on uncertainty; and a Delphi Technique is well-tested in practice but disables a direct link with storylines.
Story-and-simulation
A few more general observations stand out in the context of the overall SAS approach.
Fast-track
Scenarios that require more discussion (more dystopian, non-linear or otherwise far from the current situation) require more iterations so that using 'fast track' scenarios to increase the number of iterations between stories and models deserves to be studied further. As the number of scenario sets is increasing in the literature, new ways need to be explored to use existing material. Overall, we found that the use of fast-track scenarios was beneficial for the modellers (starting with WaterGAP3 model output) but somewhat limiting for the stakeholders (starting with a set of full stories is not advisable).
Size of toolbox
Strengthening the link between stories and models leads to the use of more tools (Fuzzy Sets, models, timetrends, etc.), and thus to a longer chain. This had a number of (expected) positive effects:
1. Enhanced consistency between stories and model outputs. 2. Direct storyline writing and model parameterisation by stakeholders. 3. High buy-in of stakeholders of qualitative and quantitative scenarios. Yet, it also had two negative consequences:
1. Increase in the time needed to complete one iteration round and therefore larger susceptibility to additional delays. 2. Inconsistencies between different sources of stakeholder information.
Conclusion
Story-And-Simulation was, is and will continue to be the state-of-the-art framework for linking models and stories. It is sufficiently flexible to allow for new tools to be included, but is also sufficiently strict to clearly separate the roles of stakeholders and scientists and allow for coproduction of knowledge. The addition of Fuzzy Set Theory as a method that facilitates a structured and reproducible process to increase consistency between stories and models has proven to be successful. We showed that a minimum of at least 2-3 iterations is needed. Yet, future work needs to show its true potential, as there are a number of emerging practical pitfalls in expanding the SAS toolbox that need to be carefully evaluated. Nevertheless, we argue that (simpler) alternatives have not shown as much potential in the context of qualitative and quantitative scenario development. In that spirit, we also conclude that when studying complex systems and complex problems, an approach such as Story-And-Simulation is indispensable and effective in marrying the perspectives of scientists and other stakeholders.
